Background: The medical food Souvenaid, containing the specific nutrient combination Fortasyn Connect, is designed to improve synapse formation and function in patients with Alzheimer's disease (AD). Two double-blind randomized controlled trials (RCT) with Souvenaid of 12 and 24 week duration (Souvenir I and Souvenir II) showed that memory performance was improved in drug-naïve mild AD patients, whereas no effects on cognition were observed in a 24-week RCT (S-Connect) in mild to moderate AD patients using AD medication. Souvenaid was well-tolerated in all RCTs. Objective: In this 24-week open-label extension (OLE) study to the 24-week Souvenir II RCT, long-term safety and intake adherence of the medical food Souvenaid was evaluated. Methods: Patients with mild AD (n = 201) received Souvenaid once-daily during the OLE. Main outcome parameters were safety and product intake adherence. The memory domain z-score from a revised neuropsychological test battery was continued as exploratory parameter. Results: Compared to the RCT, a similar (low) incidence and type of adverse events was observed, being mainly (68.3%) of mild intensity. Pooled data (RCT and OLE) showed that 48-week use of Souvenaid was well tolerated with high intake adherence (96.1%). Furthermore, a significant increase in the exploratory memory outcome was observed in both the active-active and control-active groups during Souvenaid intervention.
INTRODUCTION
Progressive synaptic dysfunction and synapse loss are key hallmarks of Alzheimer's disease (AD) [1] [2] [3] . They are present from the very early stages of the disease, even before the emergence of clinical symptoms [4] , and strongly correlate with cognitive deterioration [5] . As such, synaptic dysfunction is a useful target for interventions in AD.
In animal models, dietary enrichment of nutrients that are precursors of synaptic membrane phospholipids can enhance phosphatide synthesis [6] , the number of dendritic spines, and the levels of pre-or post-synaptic proteins [7] , which are all prerequisites for new synapse formation. Further, preclinical studies showed that administration of specific combinations of the phospholipid synthesis-promoting nutrients can enhance neurotransmission and cognitive function [8] [9] [10] [11] , which are indicative of improved synaptic function. These and other observations, together with the notion that the circulating levels of these nutrients are lower in AD compared with healthy controls [12, 13] , led to the creation of the specific nutrient combination Fortasyn ® Connect. This comprises the precursors and cofactors for the synthesis of neuronal membranes, and is designed to support synapse formation and function in patients with AD [14] . In order to test the hypothesis that administering these nutrients enhances synaptic function and ameliorates cognitive symptoms in AD, the medical food Souvenaid ® (Nutricia N.V., Zoetermeer, The Netherlands), which contains Fortasyn Connect, was developed.
Memory loss is an important clinical manifestation in early AD [15, 16] , and may be the result of synaptic loss in specific areas of the brain [17] . Memory performance was therefore selected as a (co-)primary outcome in two double-blind randomized controlled trials (RCTs) with Souvenaid in drug-naïve patients with mild AD ('Souvenir I' and 'Souvenir II'). These studies both showed that Souvenaid statistically significantly improved memory performance, which may be related to disease specific nutrient requirements [18, 19] . In addition, cognitive performance was selected as primary outcome in a double-blind RCT in patients with mild-to-moderate AD receiving standard-care AD medication ('S-Connect), showing that 24-week use of Souvenaid did not slow cognitive decline in these patients [20] .
It was postulated that the nutrient levels provided by once-daily use of Souvenaid are within a safe range of intake, and that Souvenaid therefore would be well tolerated. This was supported by the results of Souvenir I and Souvenir II [18, 19] as well as the add-on S-Connect study [20] . In addition, the 24-week product intake adherence was high in all these studies (≥94%) [18] [19] [20] .
While these data provide evidence that Souvenaid is well tolerated, the intervention period of the studies presented so far is limited to 24 weeks. The study presented here is a 24-week open-label extension (OLE) to the Souvenir II RCT, designed to evaluate the longterm safety and compliance to Souvenaid in patients with mild AD. In addition, the study explored the longterm impact of Souvenaid on memory performance in an uncontrolled design.
MATERIAL AND METHODS

Study setting
Twenty-six out of the 27 AD centers that recruited participants for the RCT also recruited participants for the OLE study. In the center that did not include study participants, none of the three potentially eligible patients were willing or able to continue in the OLE study. The ethics committee of each participating center reviewed and approved the protocol. The study was conducted in accordance with the Declaration of Helsinki and the International Conference on Harmonisation of Good Clinical Practice guidelines as appropriate to nutritional products and legislation of the country in which the research was conducted.
Participants
The patient population of the multi-center, multicountry Souvenir II RCT has been reported previously [19] . Briefly, major eligibility criteria included: 1) being drug-free for AD medication; 2) a probable diagnosis of AD (National Institute of Neurological Disorders and Stroke-Alzheimer's Disease and Related Disorders Association [21] ); and 3) mild AD as defined by a Mini-Mental State Examination (MMSE) [22] score of ≥20. Following completion of the RCT, patients willing to continue into the OLE study were required to have a responsible caregiver available, and both had to reconfirm their written informed consent. Exclusion criteria included the use of other investigational products, alcohol or drug abuse in the opinion of the investigator, or the investigator's uncertainty about the willingness, ability, or medical status of the patient to comply with the protocol. Eligibility criteria for the OLE allowed patients to use nutritional supplements and/or AD medication, thereby reflecting a more reallife clinical setting.
Study design
All patients originally randomly assigned to active (Souvenaid) or control product who completed the 24-week, double-blind RCT (Dutch Trial Registration number NTR1975) were eligible to participate in the 24-week OLE study (Dutch Trial Registration number NTR2571). In the OLE, all patients received the active product once-daily in the form of a 125 ml drink (vanilla or strawberry flavor). The active product contains the specific nutrient combination Fortasyn Connect, comprising 625 mg uridine monophosphate, 400 mg choline, 106 mg phospholipids, 1200 mg docosahexaenoic acid (DHA), 300 mg eicosapentaenoic acid (EPA), 40 mg vitamin E (␣tocopherol equivalents), 80 mg vitamin C, 60 g selenium, 1 mg vitamin B6, 3 g vitamin B12, and 400 g folic acid) per 125 ml, in addition to other vitamins, minerals, trace elements, and macronutrients. Study staff, patients, and caregivers remained blinded to the patient's initial randomized study group allocation throughout the 48 weeks. The screening/baseline visit for the OLE study was combined with the final visit (Week 24) of the RCT. Study parameters were assessed at the screening/baseline visit, at Week 12 (presented as Week 36), and 24 (presented as Week 48). Adverse events (AEs) and changes in concomitant medication and nutritional supplements were recorded every six weeks. Recording of product intake was performed daily.
Outcome measures
The main outcome measures of the OLE study were safety and product intake adherence. Safety assessments included the recording of (serious) AEs ([S]AEs), and the monitoring of vital signs and laboratory parameters. Product intake adherence was measured by studying caregiver-supervised patientreported daily diaries, in which was recorded whether the patient did or did not take the study product on each particular day. A product evaluation questionnaire (7point Likert scale; 1 = "dislike it very much", 7 = "like it very much") was also completed by the patient to assess the appreciation of the taste and convenience of the product.
At the start of the OLE study, a new MMSE assessment was performed for the characterization of the study population. All other patient characteristics were derived from the Souvenir II RCT. The primary outcome of the RCT, the memory domain composite z-score, was assessed as exploratory outcome in the OLE. This domain is based on the Neuropsychological Test Battery (NTB) [23] and consists of Rey Auditory Verbal Learning Test immediate recall, delayed recall and recognition performance, and Wechsler Memory Scale-revised verbal paired associates immediate and delayed recall. In addition, the Disability Assessment for Dementia scale [24] was an exploratory outcome for functional ability. Study staff performing the assessments received appropriate training on outcome assessments via a study specific test manual. In addition, local rater trainings were provided for the assessment of the neuropsychological tests. Other parameters included specific nutritional blood markers (plasma vitamin E, erythrocyte DHA and EPA, and plasma homocysteine). Venous blood samples were taken, processed, and stored in a −80 • C freezer until batch shipped on dry ice. After extracting lipids from erythrocyte membranes, the fatty acid profile in erythrocyte membranes was assayed by gas chromatography. Plasma vitamin E levels were measured using high performance liquid chromatography to determine content of alpha-tocopherol. Homocysteine levels (free and protein-bound) were measured using high performance liquid chromatography with fluorescence detection after preparing a derivate [25, 26] .
Statistical analyses
Analyses were performed on all available data from patients participating in the OLE study. OLE data are presented according to the intervention received during the double-blind study period (control-active and active-active). The following (differences in) effects on the exploratory NTB memory domain scores were statistically tested: a) between-group comparisons including control-active group versus active-active group in the total 48 week and 24-48 week intervals and the comparison of the baseline-24 week interval in the active-active group versus the 24-48 week interval in the control-active group, and b) within-group comparisons including within the control-active group the comparison of the active intervention (week 24-48) versus control intervention (baseline-week 24), within the active-active group the comparison of the baselineweek 24 interval versus the week 24-48 interval and both within the control-active and active-active groups the change from 24 to 48 weeks. In addition, two exploratory key groups of interest were defined for the analysis of effects on the NTB memory domain score: 1) patients who did not start using AD medication during the OLE study, and 2) patients with a large study gap. See supplementary material for detailed information.
Comparisons were statistically tested using t-tests and/or by using a mixed model for repeated measures (MMRM) in which time was treated as a categorical variable and represented by dummies. Correction for multiple testing was not applied due to the explorative nature of this study, the small sample size, and the high correlation between outcome parameters.
Statistical analyses were performed using SAS ® statistical software (SAS Enterprise Guide 4.3 for Windows, SAS Institute Inc., Cary, NC, USA).
RESULTS
Patient demographics
A total of 259 patients were originally randomized to receive either active or control product for 24 weeks in the double-blind RCT. Of the 238 patients (92%) who completed the RCT, 201 patients (84.5%) entered the OLE study between July 2010 and October 2011 ( Fig. 1 ). The overall discontinuation rate during the OLE study was 7.5% (15 patients). Seven (3.5%) patients discontinued due to (S)AEs: 6 patients in the control-active group (enlarged abdomen, bronchitis, avascular bone necrosis, impaired concentration, malignant lymphoma, and diarrhea), and one patient in the active-active group (diverticula). Of these (S)AEs, only diarrhea was considered to be related to the use of the study product. Additional reasons for discontinuation included withdrawal of informed consent (2 patients), loss to follow-up (3 patients), and 'other' (3 patients) .
Baseline characteristics for the study populations enrolled in the double-blind RCT and in the OLE study are summarized in Table 1 . The mean age of the patients in the OLE study was 74.2 (±7.6) years, 51% of patients were male and the mean MMSE score was 25.1 (±3.3), representing a population with very mild AD. Baseline characteristics of patients who completed the RCT but did not enter the OLE are also provided in Table 1 . For each of these populations, baseline characteristics were not significantly different between the control(-active) and active(-active) groups. In addition, there were no significant differences in baseline characteristics between the RCT and OLE study populations. Forty-five patients (22.4%) began taking AD medication after starting intervention in the OLE study: 9 patients (8.7%) received donepezil in the controlactive group compared with 18 patients (18.6%) in the active-active group (p = 0.061, Fisher's Exact test); 2 (1.9%) received galantamine in the control-active group compared with 4 (4.1%) in the active-active group (p = 0.432, Fisher's Exact test); and 6 (5.8%) received rivastigmine in the control-active group compared with 6 (6.2%) in active-active group (p = 1.000, Fisher's Exact test). Ten patients (9.6%) in the controlactive group and 6 patients (6.2%) in the active-active group started using AD medication after completion of the OLE study (p = 0.440, Fisher's Exact test). There were no significant or relevant between-group differences in the initiation of other medications or nutritional supplements during the OLE study.
Outcome parameters
Safety Table 2 summarizes the number and proportion of patients experiencing one or more AEs in the RCT and OLE. In total, 105 patients (52.2%) experienced at least one AE during the OLE study; including 57 patients (54.8%) with 115 AEs in the control-active group and 48 patients (49.5%) with 74 AEs in the active-active group. The AE profile in the OLE study was comparable to the RCT, except for the occurrence of any AEs related to the gastrointestinal system and respiratory system, which was significantly lower in the OLE study compared to the RCT (p = 0.005 and p = 0.013, respectively, Fisher's Exact test). There was no significant or relevant difference in the proportion of patients experiencing at least one AE in the subgroup of patients who started using AD medication during the OLE study ( OLE, open-label extension; RCT, randomized controlled trial; AE, adverse event. † Only affected body systems reported by at least 5% of patients in either group of the OLE population are shown. Adverse events occurring in less than 5% of patients in either group were: application site disorders, cardiovascular disorders, hearing and vestibular disorders, heart rate and rhythm disorders, liver and biliary disorders, myo-, endo-, pericardial and valve disorders, neoplasm, platelet, bleeding and clotting disorders, red blood cell disorders, reproductive disorders (male), resistance mechanism disorders, skin and appendages disorders, urinary system disorders, vascular (extracardiac) disorders, vision disorders. with no clinically relevant differences between the control-active group and the active-active group. Twelve (10.4%) of the AEs were rated as severe in the control-active group compared with 5 (6.8%) in the active-active group, of which none were considered to be related to the use of the study product by the investigator. The majority of AEs were rated as being 'not related' (74.1%) or 'unlikely to be related' (19.6%) to the study product. Eleven AEs (5.8%) were considered to be 'possibly related' (4 [3.5%] in the control-active group, 7 [9.5%] in the active-active group). The most frequent of these were: weight decrease (3 events), flatulence (2 events), and anorexia (2 events). One AE, flatulence, in the control-active group was considered to be 'probably related' to the use of the product. There was no indication that AEs considered to be related to the use of the study product during the RCT intensified during the OLE study.
Twenty-one SAEs occurred in 19 patients during the study; 10 SAEs in 9 patients in the control-active group and 11 SAEs in 10 patients in the active-active group. No SAEs were considered to be related to the use of the study product by the investigator. Two patients discontinued the study due to SAEs (avascular bone necrosis in the control-active group and diverticula in the active-active group), and one patient in the controlactive group died due to a malignant lymphoma. No clinically relevant changes in laboratory safety measures and vital signs were observed: mean systolic blood pressure, diastolic blood pressure, and heart rate remained within normal limits.
Intake adherence and product evaluation
Overall product intake adherence during the OLE study was 95.7% (95% Confidence Interval [CI] 94.7-96.7%), without significant differences between the control-active and active-active groups (betweengroup difference; t-test: t 183 = 1.36, p = 0.174). When combined with the Souvenir II RCT, the overall 48-week intake adherence for the active-active group was 96.1% (95% CI, 95.0-97.1%). The high compliance was supported by the biochemical outcome parameters; erythrocyte DHA ( Fig. 2A) , EPA and plasma vitamin E levels (Fig. 2B) remained at consistently elevated levels in the active-active group and were significantly increased in the control-active group in the OLE phase (48-week versus 24-week; 3.13 ± 1.94% (mean ± standard deviation), paired t-test: t 91 = −15.41, p < 0.001 [DHA]; 0.87 ± 0.48%, t 91 = −17.42, p < 0.001 [EPA]; 7.97 ± 6.34 mol/l, t 91 = −12.05, p < 0.001 [vitamin E]). Moreover, plasma homocysteine levels significantly decreased in the active-active (48-week versus 24-week; −1.16 ± 3.17 mol/l, paired t-test: t 84 = 3.38, p = 0.001) and in the control-active group (48-week versus 24-week; −5.13 ± 5.27 mol/l, paired t-test: t 91 = 9.34, p < 0.001). Responses from the product evaluation questionnaires, completed by patients with their caregivers, indicated that the taste of the study product was well appreciated, with no significant difference in mean (±standard deviation) scores between the vanilla and strawberry flavor (5.1 ± 1.5 compared with 4.9 ± 1.6). These scores were comparable with the responses at the end of the RCT, as well as with the appreciation of the taste of the control products used in the RCT (vanilla: 5.5 ± 1.4, strawberry: 4.9 ± 1.7).
Exploratory outcome measures
NTB memory domain and individual item scores across the RCT and OLE are presented in Supplementary Table 1 . The fact that a proportion of the subjects in the RCT continued in the OLE resulted in an unbalanced design (different number of observations in the different cells of the design). In unbalanced designs, estimated marginal means are less likely to be biased than unadjusted means. Figure 3 shows the marginal means as estimated by the MMRM to illustrate the course of the NTB memory domain scores in the total 48 week period. In the 24-week RCT, the primary outcome of the trajectory over time of the NTB memory domain score was statistically significantly increased in the active group versus control group, which was primarily driven by the changes from Week 12 to Week 24. In the OLE, the exploratory NTB memory domain score in the active-active group appeared to show con-tinued improvement (48-week versus 24-week scores; paired t-test: t 81 = −2.28, p = 0.025; MMRM contrast: t 996 = 2.43, p = 0.015). In addition, the change in NTB memory domain scores between the RCT baseline assessment and Week 48 was statistically significant in the active-active group (paired t-test: t 82 = −6.63, p < 0.001; MMRM contrast: t 996 = 5.87, p < 0.001). The control-active group showed a statistically significant increase of the NTB memory domain score after switching to the active product upon entry into the OLE (48-week versus 24-week scores; paired t-test: t 86 = −2.72, p = 0.008; MMRM contrast: t 996 = 2.71, p = 0.007). All other between-and within group statistical comparisons mentioned in the section 'Statistical analyses' of the exploratory NTB memory domain score were not statistically significant. Results of the analyses of change in NTB memory domain score in the two exploratory key groups of interest are shown in Supplementary Figure 1 and described in the Supplementary Material.
No effect on the Disability Assessment for Dementia scale was observed in both the control-active and active-active group.
DISCUSSION
The results of this multi-center OLE following the Souvenir II RCT show that once-daily intake of Souvenaid is well tolerated with a favorable safety profile in patients with mild AD for up to 48 weeks. Product week change for active-active group; paired t-test: p = 0.025; MMRM: p = 0.015 and for control-active group; paired t-test: p = 0.008; MMRM: p = 0.007. Data are estimated marginal mean (EMM) and standard error (SE). intake adherence to Souvenaid was very high (≥95%), reflecting its good tolerability and ease of use.
Souvenaid was well tolerated, with a similar percentage of patients experiencing AEs during the OLE as in the original RCT. Most AEs were of mild intensity and were not related to product intake. Overall, the type and frequency of AEs in the OLE were comparable to those reported in the RCT, while the overall percentage of patients experiencing gastrointestinal-related events during the OLE was even lower than during the RCT, which may suggest that these type of AEs decrease over time. Overall gastrointestinal AE rates in the current study were relatively low. In comparison, a Cochrane review on the use of acetylcholinesterase inhibitors in AD suggested that more gastrointestinal-related AEs occur in acetylcholinesterase inhibitor groups than in placebo [27] . However, these data are predominantly based on studies in mild-to-moderate AD, so any comparisons should be made with caution. Besides the favorable AE profile, laboratory safety parameters did not give any indication for AEs, and the discontinuation rate in the OLE was similarly low as in the RCT. There was no difference in the proportion of patients who experienced AEs between the 22% of patients receiving both AD medication and Souvenaid and those who remained AD-drug naïve. This extends the previous observations that Souvenaid was well tolerated when taken in conjunction with AD medication in mild-tomoderate AD [20] . Overall, the current data support results of previous studies and indicate that 48-week use of Souvenaid is safe and well-tolerated.
Good compliance to an intervention is of particular importance in clinical practice, where adherence to AD therapies is often poor and represents a major problem [28] . This OLE study reported a high product intake adherence (≥95%), which is line with previous studies [18] [19] [20] and supported by biochemical data. Although intake adherence is likely to be higher in a clinical trial population compared with a real-world clinical setting, high compliance was further supported by the low rate of discontinuation and these observations highlight the potential of Souvenaid as a useful intervention for AD in clinical practice.
The main efficacy assessment from the RCT, the NTB memory domain z-score, was continued as an exploratory outcome measure in the OLE. While there are limits on the extent to which effectiveness can be assessed in an open-label study, the increase in the NTB memory score over a 48-week period is an encouraging result. Episodic verbal memory deficits are a clear characteristic of the cognitive deficits seen in early AD. The NTB memory measure helpfully employed to detect further improvements in memory during the OLE phase, following the statistically significant improve-ment observed during the RCT [19] . This finding is underlined by the improvement seen during the OLE in the control-active group, especially as patients were not aware of whether they initially received control or active intervention during the RCT. The observations on memory performance presented here extend the findings of the two previous RCTs [18, 19] . However, it should be noted that the current exploratory results should be interpreted carefully, since the direction of the effect during the OLE phase was similar to the effect in this group when they used control product in the RCT phase [19] , and correction for multiple testing was not applied.
There are limitations inherent to any open-label study that should be considered when interpreting the results. Firstly, although baseline characteristics were comparable between study groups, there is a potential for a selection bias on entry into the OLE. Secondly, OLE studies are primarily designed to provide longerterm safety and tolerability data applicable to routine clinical practice. As such, there is no control group and therefore efficacy cannot be adequately assessed. A limitation of this specific OLE study compared to the RCT is that there was no restriction to start with any nutritional supplements and AD medication. Even though an imbalance was observed in the number of patients in each group starting AD medication during the OLE, this appeared to be reversed after completion of the study, making it difficult to fully compare the RCT and the OLE studies.
In conclusion, the present open-label extension study to assess the safety, compliance, and exploratory effectiveness of Souvenaid in mild AD, showed that the use of Souvenaid for a total period of 48 weeks was well tolerated with a favorable safety profile and associated with a preliminary suggestion of continued improvement in memory performance. These findings warrant further investigation toward the long-term safety and efficacy of Souvenaid in a well-controlled, randomized, blinded setting, like the ongoing 24month EU funded LipiDiDiet study (Dutch Trial Register #NTR1705) in prodromal AD.
